Impaired lymphocyte reactivity against tumour cells in patients with Crohn's disease B. P. MACLAURIN,1 W. T. COOKE, AND N. R. LING From the Department of Experimental Pathology, University of Birmingham, and the Birmingham General Hospital SUMMARY Evidence is presented which indicates a possible reduction in recognition capacity for tumour cell antigens (EBR Burkitt lymphoma cell line) by lymphocytes from some patients with longstanding but inactive Crohn's disease. Three out of seven patients tested also showed diminished or absent lymphocytotoxicity when their cells were grown in mixed culture with chromium-labelled lymphoma cells and absent response has never been observed in a large series of controls similarly tested. In both test systems impaired reactivity appeared to be partly caused by a factor present in Crohn's disease serum.
Increased tumour incidence in Crohn's disease may in part be attributable to defective immune surveillance and the histology of Crohn's disease could reflect an imbalance between the proliferative and the cytotoxic responses of lymphocytes to various antigens in the bowel lumen in this disease.
Some patients with regional enteritis show evidence of impaired cell-mediated immunity, as shown by partial or complete failure to react to DNCB skin sensitization and impaired skin reactivity to tuberculin and other commonly encountered antigens (Verrier Jones, Housley, Ashurst, and Hawkins, 1969) . Preliminary reports have also suggested that the lymphocytes of some patients with Crohn's disease show impaired responsiveness on stimulation with phytohaemagglutinin (Walker and Greaves, 1969) . The granulomatous character of the typical bowel lesions shows a resemblance to sarcoidosis and some patients with Crohn's disease have been shown to react in weak but characteristic manner to a Kveim antigen by skin testing (Mitchell and Rees, 1970) and by inhibition of macrophage migration in the presence of this antigen (Willoughby and Mitchell, 1971) . Wyatt (1969) , in a study of reported cases of adenocarcinoma of the small bowel complicating Crohn's disease, found 17 examples and noted that the mean age of occurrence was almost 20 years earlier than would be expected from the available world figures. A similar conclusion was reached by Mottet (1971) and by Papp and Pollard (1971) , ponderance of tumour involvement in the ileum with Crohn's disease as compared with a more frequent distribution in the duodenum and jejunum in the absence of Crohn's disease. Statistical support for an increased incidence of cancer of the small intestine and carcinoma of the pancreas in patients with Crohn's disease has been claimed (Fielding, Prior, Whitehouse, and Cooke (1972) . In addition, three cases of reticulum cell sarcoma of bowel complicating Crohn's disease have been reported- (Hughes, 1955; Wyburn-Mason, 1968) (Scott and Maclaurin, 1971) (Hardy and Ling, 1969; Hardy, Knight, and Ling, 1970a; Hardy, Ling, Wallin, and Aviet, 1970b The cytotoxic capacity of lymphocytes from patients and controls was assessed by measurement of 61Cr release over a six-hour period from prelabelled lymphoma cells. A full description of the methods used has been given in an earlier paper (Maclaurin, Cooke, and Ling, 1971 Table I . In all cases, the disease involved both small and largel bowel, and the diagnosis was firmly established on clinical, radiological, and laboratory criteria. In all but one case, histological proof was also available. Patients were classified as having active or inactive disease, with particular emphasis upon weight, Hb, ESR, and seromucoid estimation, recent surgery, and general well being. Control subjects were all fit medical students or staff and were selected and studied in a manner identical with that described in the coeliac disease paper .
Results

RESPONSE TO EB LYMPHOMA CELLS
The findings are shown in Table I and compared with the results for normal lymphocytes in Figure 1 These results are listed in Table I and compared with the response of normal lymphocytes in Figure   Fig . Figure 5 . (Gatti, 1971) . It also resembles the depressive factor recently reported in a series of patients with coeliac disease tested under identical conditions . No such depressive serum factor has been found in the serum of patients with the gastric atrophy of pernicious anaemia but in this disorder there is no breach in mucosal continuity. Only very limited studies of ulcerative colitis patients have so far been made with this test system and to date no depressive serum factor has been shown (Maclaurin, unpublished data) . It is suggested that the depressive serum factor may represent an attempt at homeostasis of total lymphocyte numbers but the nature of the factor or factors has not yet been established. Alternatively, some Gram-negative bacterial products are known to have lymphocyte depressant properties and might be implicated (Floersheim, 1969) . Whatever their nature, the longcontinued action of lymphocyte-depressant circulating substances might ultimately result in some permanent depression of the cellular immune response, and this appears possibly to be the case in the inactive case group with longstanding disease reported here.
The anomalous reduction in PHA stimulation of Crohn's lymphocytes by normal serum might be related to the dose used, since PHA is known to form complexes with some serum proteins (Osunkoya and Williams, 1971) . However, doubling the dose used diminished the response obtained in one patient so tested. The reduction in PHA responsiveness in normal serum may explain the much lower stimulation results reported by Brown, Taub, Present, and Janowitz (1970) , and the results of Walker and Greaves (1969) , who used foetal calf serum for supplementing the medium. Kraft and Kirsner (1971) have emphasized, in a recent review of this subject, that interpretation of the results of studies in vitro should be cautious, since methodological changes may improve many of these apparently subnoimal responses.
The composition of the case series studied, and especially the proportion of active to inactive cases, will influence the results obtained. Our findings suggest that lymphocytes from active cases mostly have well maintained proliferative responsiveness, perhaps reflecting the excessive and prolonged exposure of the lymphoid system to bacterial, viral, and food antigens in the abnormal bowel. There is recent evidence of lymphocyte hypersensitivity to faecal and colon mucosal antigens in patients with Crohn's disease compared with controls (Watson and Pinedo, 1971) . A similar conclusion has been tentatively put forward by Dykes (1970) on the basis of macrophage migration inhibition studies in the presence of a faecal antigenic extract. However, Bendixen (1969) , using a similar system but with a foetal colon mucosal extract as antigen, was able to demonstrate inhibition of leucocyte migration in only a small proportion of Crohn's disease patients.
The virtually complete absence of lymphocytotoxicity against chromium-labelled lymphoma cells in two of the patients studied is in marked contrast to the reasonably normal proliferative response of the same subjects' lymphocytes, stimulated simultaneously with irradiated tumour cells (Fig. 5) . A third patient, W.S., showed diminished lymphocytotoxicity but maintained proliferative response. It is of interest that this subject had a resection of a reticulum cell sarcoma of the bowel (in an area involved by active Crohn's disease) 10 years before, and has been maintained in surprisingly good health ever since. These results demonstrate that there is no direct correlation between the cytotoxic and proliferative capacities of lymphocytes in this test system. In a much larger group of normal subjects studied in this laboratory (Hardy et al, 1970b , and unpublished results) complete absence of cytotoxicity has not been observed.
If it could be demonstrated that lymphocytes of patients with Crohn's disease lacked effector functional capacity in other respects, eg, production of non-specific cytotoxic factors and other lymphokines (Granger and Kolb, 1968; Dumonde, 1970) , this might help to explain the massive lymphocyte accumulation in the bowel which is such a feature of this disease, ie, maintained proliferative response to bacterial or viral antigens with accumulation of only partially competent lymphocytes resulting in failuie to eradicate the causative agent. Cytotoxicity after allogeneic lymphocyte stimulation as in this test system is relatively non-specific in relation to the target cell used (Hardy et al, 1970b ) and impairment could well influence the response in vivo to infectious agents as well as to tumour cells. The recent report by Mitchell and Rees (1970) , suggesting the presence of a transmissible infective agent in extracts of Crohn's disease tissue, capable of causing typical histological changes in immunosuppressed mice, is of great interest in this context. Their comparable findings of a transmissible agent in sarcoidosis tissue (Mitchell and Rees, 1969) and the similarities between the histology of Crohn's disease and sarcoidosis may also be relevant, since preliminary observations have shown a pattern of lymphocyte reactivity in some patients with sarcoidosis similar to that in Crohn's disease (Broom, and Maclaurin, 1973) .
The impairment of cytotoxic capacity is partly serum-mediated, and might be due to antibody to EB virus antigens probably still carried by this lymphoma cell line.
An assessment for EB virus antibodies in the sera of 10 patients with Crohn's disease was kindly carried out by Dr G. Henle of the Children's Hospital, Philadelphia, through the courtesy of Dr G. Klein of the Karolinska Institute, Stockholm. However, the titres obtained were regarded by Dr Henle as within the expected range for a comparable age and sex range of the normal population, so that this explanation seems unlikely. Grotsky (1970) and Kane and Nye (1971) have obtained similar results for EBV antibodies in studies on Crohn's disease patients.
Impaired proliferative or cytotoxic responses could not be related to any direct cytotoxic effect or nutritional lack in the serum tested, since viabilities at the end of the five-day culture period, unstimulated, were approximately 70% and did not differ significantly from the controls. Furthermore, the sera which produced depression of cytotoxicity were found capable of sustaining high levels of proliferative response.
The remarkable absence of cytotoxicity against lymphoma cells demonstrated in vitro by lymphocytes from some patients with Crohn's disease may be an indication of a similar impairment in vivo of destructive capacity against antigenically altered tumour cell mutations of either lymphoid or mucosal cell origin. More detailed discussion of the relationship of this test system to the postulate of immune surveillance in cancer homeostasis (Bumet, 1969) is provided in the earlier paper on lymphocyte function in coeliac disease 
